The most precise test of general relativity in the solar system has been achieved in measurement of the frequency shift of radio waves to and from the Cassini spacecraft as they passed near the Sun. The relativistic model that was used to fit the Cassini data is based on an assumption that the Sun is static but, in fact, it moves around the barycenter of the solar system. We analyze the effect of this motion on the propagation of a radio wave passing closely to the solar limb and demonstrate that it contributes in a systematic way to the measured value of the PPN parameter γ characterizing deviation of gravity from a pure geometry. This our observation should stimulate re-processing of the relativistic Cassini experiment since the numerical value of γ = 1 + (2.1 ± 2.3) × 10 −5 obtained by Bertotti, Iess & Tortora (2003) is affected by the barycentric motion of the Sun bringing about an uncertainty in γ − 1 amounting to ∼ 10 −4 . Moreover, we emphasize that by taking into account the motion of the Sun with respect to the barycenter of the Solar System we actually measure the gravimagnetic component of the gravitational field on the Sun caused by its orbital motion.
According to general relativity and other alternative theories of gravity, photons are deflected and delayed by the curvature of space-time produced by any mass distribution. In the gravitational field of a static spherical mass the bending and delay are proportional to γ + 1, where γ measures the degree of deviation of the gravity theory from general relativity (Will 1993) . The most precise measurement of γ has been recently achieved in the Cassini experiment by making use of the multiple-frequency radio link of Cassini spacecraft with the Doppler-tracking station on the Earth. Gravitational frequency shift of a radio signal emitted on the Earth and transponded from spacecraft back to a tracking station was analyzed by Bertotti & Giampieri (1992) ; Bertotti, Comoretto & Iess (1993) and Iess et al. (1999) . They used a static-mass gravity-field approximation and obtained for the gravitational frequency shift z gr = ν 1 /ν 0 − 1 the following expression
Here l 1 and l 0 are relative distances from observer to the Sun and from the spacecraft (emitter) to the Sun respectively, R = l 1 + l 0 , V 1 and V 0 are velocities of observer and the emitter with respect to the Sun, and
is a vector describing the magnitude and direction of gravitational bending of the radio wave, where G is the universal gravitational constant, c is the fundamental speed, b is the impact parameter of the radio wave to the Sun, andb = b/b is the unit vector directed along the impact parameter. The assumption of the static Sun was a good approximation for space technologies existed a decade ago but it can not be retained in data analysis of the Cassini gravitational experiment and in future space missions. Therefore, Kopeikin & Schäfer (1999) † decided to analyze the problem of propagation of photons in the field of the Sun (and major planets) with taking into account its motion with respect to the barycenter of the solar system. Mathematical technique used in (Kopeikin & Schäfer 1999 ) is based on the geometric optics approximation and the Liénard-Wiechert retarded potentials which are solutions of the linearized Einstein equations describing gravitational interaction of photons with the Sun in terms of the Lorentz-invariant quantities. We introduce a (kinematically) non-rotating global coordinate system x α = (ct, x), where t is a coordinate time and x are spatial coordinates, with the origin located at the barycenter of the solar system (Soffel et al. 2003; Kopeikin & Vlasov 2004) . Let x ⊙ (t) denote the spatial coordinates of the Sun at time t. We assume that a photon is emitted at the point x 0 at time t 0 and received by observer at the point x 1 at time t 1 . Kopeikin & Schäfer (1999) covariant theory of the Doppler-tracking derives a covariant expression of the frequency shift z gr taking into account all terms describing the coupling of gravity with special relativistic effects associated with the propagation of the photon ‡. Linearization of this expression yields for the gravitational shift of frequency
Here r 1 = |x 1 − x ⊙ | and r 0 = |x 0 − x ⊙ |, r = r 1 + r 0 , v 1 and v 0 are the coordinate velocities of the observer and the emitter, v ⊙ is the coordinate velocity of the Sun, and
is a vector of the gravitational bending of the radio wave, d is the impact parameter of the radio wave to the Sun taken at time t 1 §, andξ = ξ/d is the unit vector directed along the impact parameter. We notice that in the slow-motion approximation equation (1) can be easily derived from a more general equation (3) after making a Galilean transformation
from the barycentric coordinate system (t, x) to the static reference frame (T, X) of the Sun. Transformations (5), (6) change velocities (1) and (3) can be used in the data processing for measuring the gravitational Doppler shift of frequency between the moving spacecraft and tracking station. However, it must be explicitly stated what equation is specifically implied. Equation (1) assumes that the heliocentric velocities of the spacecraft and observer are used while equation (3) clearly indicates that the barycentric velocities must be implemented. In the case of the Cassini experiment it is not clear if Bertotti, Iess & Tortora (2003) were using (1) in the sense of equation (3) for measuring the PPN parameter γ. In the Cassini experiment the peak value of [z gr ] peak caused by the orbital velocity v ⊕ of the Earth ¶ was 6 × 10 −10 while the resulting measurement errors are four orders of magnitude smaller, that is δz ≃ 6 × 10 −14 (Bertotti, Iess & Tortora 2003) . We have used JPL ephemerides to calculate the barycentric position of the Earth and Sun as well as the barycentric velocities of the Sun and Earth at the time of the 2002 Cassini solar conjunction. Relative configuration of the Earth, Sun and Cassini is shown in Fig. 1 and the barycentric coordinates are given in Table 1 . The barycentric components of the solar velocity v ⊙ and velocity of the Earth, v ⊕ , are given in Table 2 and Table  3 respectively. The magnitude of the solar velocity with respect to the barycenter of the solar system is of the order of 14.4 m/s and the angle φ between the direction of the velocity v ⊙ and the impact parameter vector d is about 16
• . These values used in estimation of the very last term in equation (3) amounts to δz gr = v ⊙ /v ⊕ cos φ[z gr ] peak ≃ 2.9 × 10 −13 which is almost five times larger than the measurement error δz. Hence, we conclude that the value of γ = 1 + (2.1 ± 2.3) × 10 −5
given by Bertotti, Iess & Tortora (2003) can be systematically biased by the amount of ±1.2 × 10 −4 due to the influence of the barycentric velocity v ⊙ of the Sun on the measured value of z gr . In particular, this may explain why the mean value of γ = 1.000021 is asymetrically shifted from its general relativistic value γ = 1. The asymmetry is hardly consistent with general relativity since the magnitude of the quoted standard deviation σ γ = 2.3 × 10 −5 is comparable with the magnitude of the asymmetry.
This letter appeals to reconsider the measurement of the PPN parameter γ in the Cassini experiment. The unbiased value of γ is vitally important for correct understanding of the fundamentals of modern gravitational physics. Our analysis of the gravitational frequency shift in the field of moving Sun also reveals that the Cassini experiment can provide a direct experimental measurement of the gravimagnetic component of the gravitational field of the Sun caused by its orbital motion around the barycenter of the solar system. Capitaine, N., Damour, T., Fukushima, T., Guinot, B., Huang, T.-Y., Lindegren, L., Ma, C., Nordtvedt, K., Ries, J. C., Seidelmann, P. K., Vokrouhlický, D., Will, C. M., Xu, C., 2003, Astron. J., 126, 2687 Will, C. M, 1993, Theory and experiment in gravitational physics, Cambridge University Press, Cambridge 
